Background: Myocardial dysfunction may contribute to circulatory failure in sepsis. There is growing evidence of an association between left ventricular diastolic dysfunction (LVDD) and mortality in septic patients. Utilizing echocardiography, we know that tissue Doppler imaging (TDI) variables e 0 and E/e 0 are reliable predictors of LVDD and are useful measurements to estimate left ventricular (LV) filling pressures. Methods: We conducted a systematic review and meta-analysis to investigate the association of e 0 and E/e 0 with mortality of patients with severe sepsis or septic shock. In the primary analysis, we included studies providing transthoracic TDI data for e 0 and E/e 0 and their association with mortality. Subgroup analyses were conducted according to myocardial regional focus of TDI assessment (septal, lateral or averaged). Three secondary analyses were performed: one included data from a transoesophageal study, another excluded studies reporting data at a very early (<6 h) or late (>48 h) stage following diagnosis, and the third pooled data only from studies excluding patients with heart valve disease. Results: The primary analysis included 16 studies with 1507 patients with severe sepsis and/or septic shock. A significant association was found between mortality and both lower e 0 [standard mean difference (SMD) 0.33; 95% confidence interval (CI): 0.05, 0.62; P¼0.02] and higher E/e 0 (SMD -0.33; 95% CI: -0.57, -0.10; P¼0.006). In the subgroup analyses, only the lateral TDI values showed significant association with mortality (lower e 0 SMD 0.45; 95% CI: 0.11, 0.78; P¼0.009; higher E/e 0 SMD -0.49; 95% CI: -0.76, -0.22; P¼0.0003). The findings of the primary analysis were confirmed by all secondary analyses. Conclusions: There is a strong association between both lower e 0 and higher E/e 0 and mortality in septic patients.
Background: Myocardial dysfunction may contribute to circulatory failure in sepsis. There is growing evidence of an association between left ventricular diastolic dysfunction (LVDD) and mortality in septic patients. Utilizing echocardiography, we know that tissue Doppler imaging (TDI) variables e 0 and E/e 0 are reliable predictors of LVDD and are useful measurements to estimate left ventricular (LV) filling pressures. Methods: We conducted a systematic review and meta-analysis to investigate the association of e 0 and E/e 0 with mortality of patients with severe sepsis or septic shock. In the primary analysis, we included studies providing transthoracic TDI data for e 0 and E/e 0 and their association with mortality. Subgroup analyses were conducted according to myocardial regional focus of TDI assessment (septal, lateral or averaged). Three secondary analyses were performed: one included data from a transoesophageal study, another excluded studies reporting data at a very early (<6 h) or late (>48 h) stage following diagnosis, and the third pooled data only from studies excluding patients with heart valve disease. Results: The primary analysis included 16 studies with 1507 patients with severe sepsis and/or septic shock. A significant association was found between mortality and both lower e 0 [standard mean difference (SMD) 0.33; 95% confidence interval (CI): 0.05, 0.62; P¼0.02] and higher E/e 0 (SMD -0.33; 95% CI: -0.57, -0.10; P¼0.006). In the subgroup analyses, only the lateral TDI values showed significant association with mortality (lower e 0 SMD 0.45; 95% CI: 0.11, 0.78; P¼0.009; higher E/e 0 SMD -0.49; 95% CI: -0.76, -0.22; P¼0.0003). The findings of the primary analysis were confirmed by all secondary analyses. Conclusions: There is a strong association between both lower e 0 and higher E/e 0 and mortality in septic patients.
Key words: diastolic dysfunction; echocardiography; intensive care; septic shock; severe sepsis Sepsis results from an individual's exaggerated response to an infective process and is associated with profound haemodynamic disturbance, resulting in significant mortality and morbidity when the initial process evolves into circulatory and consequent multi-organ failure. A recent expert consensus has defined septic shock as a subset of septic disease in which the underlying circulatory, cellular and metabolic disturbances are associated with a higher mortality. [1] [2] [3] Septic shock is characterized by profound vasoplegia requiring administration of vasoactive agents to maintain organ perfusion. 4 It has become more evident over the past decade that septic patients may exhibit pronounced myocardial dysfunction, 5 6 which could possibly be the result of increased circulating catecholamine and cytokine levels. 7 8 Septic myocardial dysfunction may involve either the left ventricle (LV), the right ventricle (RV) or both. This may manifest as systolic dysfunction, 8 and also as reversible LV diastolic dysfunction (LVDD). 9 A meta-analysis by Huang and colleagues 10 has shown no association between LV or RV systolic dysfunction and mortality in patients with severe sepsis or septic shock, when systolic function is evaluated by ejection fraction. A previous meta-analysis from our group of investigators has demonstrated an association between LVDD and mortality in the same population. We also confirmed the finding of Huang and colleagues 10 showing that there is no association between left ventricular ejection fraction (LVEF) and mortality in septic patients. 11 12 One of the limitations of our previous meta-analysis was the inclusion of only seven studies. Since this publication, a number of further studies in critically ill patients have been published. In addition, our previous work investigated only the effect of abnormal diastolic function, but the recently revised guidelines 13 have significantly changed the methodology for determining LVDD. 14 These recommendations are now based on the assessment of four variables: tricuspid regurgitation jet velocity, left atrial volume, e 0 wave, and E/e 0 ratio. 13 We feel that it is important to use all the information available from current research to investigate some of the implications of the new guidelines. This provides part of the rationale for this new meta-analysis. Importantly, the interpretation of echocardiographic measurements in septic patients is challenging because of the variable ventricular loading conditions. Tricuspid regurgitation and left atrial volume may be significantly influenced by mechanical ventilation and loading conditions. As these variables are only included in these latest guidelines and are rarely reported, we have not included them in this study. We focused on tissue Doppler imaging (TDI) and we feel that the increased reliance on these variables is to be welcomed, because of their relative load independency 15 as compared with blood pool Doppler. The early myocardial diastolic e 0 wave provides information on myocardial velocity at the mitral annulus level, and cut-offs of <7 cm s -1 for septal and <10 cm s -1 for lateral tissue velocity are considered as abnormal, although using average e 0 value should be the preferred approach. 13 The second TDI-derived variable included in the new algorithm for grading LVDD is the ratio of the early transmitral pulse-wave Doppler flow to the early myocardial relaxation wave (E/e 0 ). This variable correlates with left atrial pressure (LAP) and pulmonary capillary wedge pressure, and a value below 8 correlates with non-elevated LAP, whereas an averaged ratio above 14 indicates raised left-sided filling pressures. 13 E/e 0 ratio has shown good predictive value of LV filling pressures in patients with septic shock, 16 although some controversies remain in patients with heart failure and severe LV systolic dysfunction. [17] [18] [19] Many studies report TDI variables according to survival in septic patients but with conflicting results. We aimed to investigate the predictive value for survival between these two TDIderived variables in patients with severe sepsis and/or septic shock. The primary hypothesis of our meta-analysis was that lower e 0 and higher E/e 0 are significantly associated with mortality in this population of patients.
Methods
We conducted this systematic review and meta-analysis in accordance with the PRISMA guidelines 20 and registered our project with the international prospective register of systematic reviews (PROSPERO -number CRD 42016041712).
Eligibility criteria and identification of studies
The definition of sepsis and septic shock has changed only recently. We therefore included observational studies providing data on mortality of patients with severe sepsis and/or septic shock as defined by the previous international consensus. 21 Studies were included if they provided one or both TDI variables (e 0 and/or E/e 0 ), comparing values in survivors and nonsurvivors. We accepted studies providing values from the septal or lateral annular region as well as averaged TDI values. Inclusion criteria for clinical studies were pre-specified using the PICOS format (Table 1) . Exclusion criteria were studies on those under 18 yr and case series reporting data and outcomes from less than 10 patients. By consensus, we only included studies reporting data obtained with transthoracic echocardiography in the primary analysis, but we considered transoesophageal studies in a secondary analysis. We performed a systematic search of two electronic databases-MEDLINE (PubMed) and EMBASE-using the NHS Healthcare Databases Advanced Search tool. Relevant findings were also recognized by manual searching of reviews on the topic and exploring the list of the references of the included studies. We started our search from inception of MEDLINE (PubMed) database, while findings retrieved from EMBASE as conference abstracts were considered only if published after June 2013 to allow a reasonable time for adequate peer-review process. Only articles published in English, Spanish, French, German or Italian were considered. Duplicates were filtered Editor's key points
• Previous data show that left ventricular diastolic dysfunction is common in sepsis and associated with worse outcome.
• New guidelines for determining LVDD by echocardiography include tissue Doppler assessment of the early myocardial diastolic e 0 wave and early myocardial relaxation wave (E/e 0 ).
• This updated systematic review includes studies reporting to the new echocardiography guidelines.
• The results confirm that LVDD as shown by decreased e 0 wave and higher E/e 0 ratio is strongly associated with mortality in severe sepsis.
• The significance of LVDD earlier in the evolution of sepsis remains to be established. through automated function and then manually searched. The last search update was on September 11, 2016. Initially, the findings of two search groups were combined: the items 'respiratory distress syndrome', 'sepsis', 'septic shock', 'systemic inflammatory response' (Thomson Reuters, Philadelphia, PA USA) were used for the first group; the terms 'Doppler Tissue' and 'Tissue Doppler' (Thomson Reuters, Philadelphia, PA USA) for the second group. As many studies were expected to report echocardiographic variables in the main text but not in the abstract/title or key words, the above 'restrictive' search strategy was coupled with a more liberal one including generic words: 'echocardiograph*', 'ejection fraction', 'diastolic function' and 'diastolic dysfunction', 'systolic function' and 'systolic dysfunction'. References were managed using Endnote X7 citation manager (Thomson Reuters, Philadelphia, PA USA).
Study selection and data extraction
Three authors (F.S., C.C. and A.A.) independently reviewed the findings of the electronic search and selected abstracts and potentially relevant articles for the topic of interest. Articles potentially relevant were downloaded and then assessed against the eligibility criteria. Any discrepancy in an author's opinion on the inclusion of an article was resolved by consensus and/or by involving the other authors (G.L., M.C., A.V.-B. and N.F.). Two reviewers (F.S. and C.C.) independently extracted the data from each study, which were recorded into a pre-defined collection sheet. Data extracted from each study included the number of septic patients examined, the percentage of patients mechanically ventilated, the severity scores and the longest follow-up data on mortality, as shown in Table 2 . A list of all the inclusion and exclusion criteria is provided separately as Supplementary data, Digital Content S1.
In the case of articles with missing data on one or both TDI variables, we contacted the corresponding author (and/or coauthors) via e-mail to check the availability of such data. All of the authors also conducted an independent search on MEDLINE (PubMed) to check for further evidence before the final editing of the manuscript.
Quality assessment of study design
Methodological quality of included observational studies was assessed using the Newcastle-Ottawa scale (NOS). The NOS explores risk of bias in three different domains: selection, comparability and outcome. A maximum cumulative score of 9 points can be obtained and studies are classified as high-risk (1-3 points), intermediate-risk (4-5 points) or low-risk of bias (6-9 points). 22 
Analysis of outcomes
The primary analysis investigated the differences between e 0 and E/e 0 ratio among surviving and non-surviving septic patients. In the case of studies providing both the septal and the lateral values, we asked the corresponding author to provide averaged data, which we used for the overall analysis. As studies were expected to report mortality at different time intervals, we used the values of the longest follow-up. We also performed subgroup analyses for each variable according to the myocardial 'regional' focus used for TDI evaluation (septal, lateral, averaged values). Three secondary analyses were conducted: the first one included results reported with transoesophageal echocardiography; the second one was performed excluding studies with very early ( 6 h) or late (>48 h) TDI assessment; and the third one was conducted including only studies that excluded patients with heart valve disease. We planned two sensitivity analyses of the primary outcome: one performing the analysis multiple times with 'leaving-one-out' at time approach; and another conducted excluding studies with intermediate or high risk of bias.
Statistical analysis
Mean values and standard deviation (SD) of the variables of interest were collected for the outcome analysis. If data were reported only as median and interquartile range (IQR) or confidence interval (CI), we followed published and online Cochrane's recommendations to approximate the values of mean and SD. [23] [24] [25] Continuous outcome differences were analysed using an inverse variance model with a 95% CI. We reported values using standard mean difference (SMD), and P-values were two-tailed and considered significant if <0.05. Negative values of SMD indicated that lower values of the TDI variable were associated with higher survival, whereas positive values of SMD indicated that higher values of the TDI variable were associated with higher survival. The presence of statistical heterogeneity was assessed using the X 2 (Cochran Q) test. Heterogeneity was likely if Q > df (degrees of freedom), and confirmed if P 0.10. Quantification of heterogeneity performed using I 2 statistic. The degree of heterogeneity was defined as none, low, moderate or high according to I 2 values of 0%-24.9%, 25%-49.9%, 50%-74.9% and >75%, respectively. 26 If heterogeneity was quantified as low or above, a random model was used. 
Results

Study selection
The literature search on Medline produced 29 titles for the restrictive search strategy and 1069 titles for the more liberal search approach. No additional articles were found by an independent search. After screening all of the articles, only 39 studies were identified as potentially relevant and full-text was retrieved. Twenty-one studies were excluded; thus, the 18 remaining papers were selected for the qualitative analysis from Medline.
28-45
The search on EMBASE restricted to studies published after 2013 produced 13 and 755 titles for the restrictive and the liberal approach, respectively. One international conference abstract not yet available in Medline provided unspecified E/e 0 values in the target population of our study. We were not able to contact the authors (Sanchez-Ruiz and colleagues, abstract 0950, Paris ESICM LIVES 2013) and the abstract was not included. Therefore, the search on EMBASE did not add further evidence to the Medline findings.
Of the 18 studies included in the qualitative synthesis, 10 had unclear or missing data on e 0 and/or E/e 0 (most of them reporting values for only one of the two variables). We managed to retrieve data from all of these papers, although in one study, the authors provided only E/e 0 values and they did not respond to a request for e 0 values; therefore, we had to include only the E/e 0 results from this study. 43 Two of these studies included both patients with sepsis, severe sepsis and septic shock, 40 The PRISMA flowchart of our systematic search and qualitative synthesis is shown in Figure 1 . The characteristics of all of the studies included in the primary and secondary analyses are summarized in Table 2 . Methodological quality of all included studies was deemed to be of low risk of bias when analysed using the Newcastle-Ottawa scale (Supplementary data, Digital Content S2). All the results of the meta-analyses are summarized in a and three 29 33 42 studies reported E/e 0 ratios according to septal, lateral or averaged examinations. Again, the two studies by Landesberg and colleagues 34 35 reported separately E/e 0 ratios for both septal and lateral TDI and the averaged data provided by the author were used for the primary analysis, whereas the isolated septal and lateral values were used for the subgroups analysis. Overall, survivors exhibited a significantly lower E/e 0 ratio (SMD -0.33; 95% CI -0.57, -0.10; P¼0.006, Fig. 3 ) with high overall heterogeneity (I 2 ¼76%) but no heterogeneity between subgroups (I 2
¼0%, P¼0.60).
Three subgroup analyses were conducted investigating the isolated septal, lateral and average subgroups, and including septal and lateral E/e 0 TDI data from the two studies by 
Secondary analyses
The inclusion of the only study using transoesophageal echocardiography data on e 031 did not affect results of the primary analysis (SMD 0.31; 95% CI 0.04, 0.58; P¼0.03; high overall heterogeneity, I 2 ¼81%).
Another secondary analysis was conducted excluding a total of four studies because of the timing of echocardiographic The third secondary analysis was performed with data from the studies excluding patients with heart valve disease (see 
Sensitivity analyses and publication bias
The sensitivity analyses conducted by performing a 'leave-oneout' approach did not change the results of E/e 0 ratio analysis. Meta-analysis of e 0 or E/e 0 and mortality in sepsis | 589
Most of the results on e 0 remained unchanged in these sensitivity analyses, although the exclusion of data from any of the four studies 33 34 37 40 resulted in a non-significant trend towards higher mortality in patients with lower e 0 (P-value ranging between 0.05 and 0.06). As all of the studies had a low risk of bias according to the NOS tool (score ranging between 6 and 9), we did not perform a further sensitivity analysis according to the quality of study design.
No evidence of publication bias was found for both analyses according to Egger's test (e 0 , P¼0.61; E/e 0 , P¼0.48).
Discussion
Our meta-analysis investigated the association of e 0 and E/e 0 with mortality in patients with severe sepsis and/or septic shock, including up to 16 studies in the primary analysis. We found a significant association between mortality and both overall lower e 0 and higher E/e 0 values in patients with severe sepsis and/or septic shock. These findings build on our previous work and further support the hypothesis of an increased risk of death in critically ill septic patients with LVDD. 11 12 It is difficult to draw conclusions about the degree of diastolic function in critically ill patients with reference to the recent revised guidelines as we could not take left atrial volume and velocity of tricuspid jet regurgitation into account. 13 Tricuspid regurgitation velocity may vary with mechanical ventilation, whereas left atrial volume is influenced by the loading conditions and it is unlikely to reliably reflect a sudden deterioration of LV diastolic function as a result of septic myocardial dysfunction. Therefore, the assessment of LVDD in critically ill patients remains challenging and the evaluation of e 0 and E/e 0 is probably the most useful tool in this regard. Despite the use of differing assessment criteria for TDI assessment in the included studies (septal, lateral, averaged), we believe that such variability is unlikely to influence the clinical meaning of our results. We think that our findings are robust and reliable and we consider that TDI assessment serves as a useful prognostic tool in the early stages of severe sepsis or septic shock. Indeed, e 0 velocity exhibits less preload dependency, 15 which is particularly relevant in this population, as LAP and LV diastolic filling pressures may show considerable variation in response to the insult severity and heart rate. Indeed, fluid and pharmacological therapies administered, and the timing of echocardiography further complicate assessment of diastolic function. However, it should be noted that in the analysis performed according to regional TDI criteria, only the assessment of e 0 and E/e 0 ratio at the lateral mitral annulus was associated with increased mortality. There was only a trend for an association between mortality and the septal (e 0 ,
P¼018; E/e 0 , P¼0.15) and average values (e 0 , P¼0.05; E/e 0 , P¼0.12). It is interesting to note that in two studies conducted in patients with normal LVEF, lateral E/e 0 had the best correlation with LV filling pressures and invasive indices of LV stiffness. 46 47 Nonetheless, this result should to be interpreted with caution as it could be due just to the higher sample size in the subgroup assessed with lateral criteria (over 850 patients in total) as compared with the other two subgroups (777 and 610 patients for the septal and the average evaluation, respectively). It is also possible that ongoing RV dysfunction/failure has a greater degree of interaction with septal TDI velocities compared with lateral values. Indeed, RV dysfunction/failure may be present in a significant proportion of patients with severe sepsis and septic shock, and it is significantly impacted by mechanical ventilation strategy; 48 49 a variable that we were unable control for. Nonetheless, the LV and RV are interdependent, and averaging septal and lateral TDI values remains the recommended approach. It is likely that e 0 and E/e 0 ratio also show alterations at early stages of sepsis. In the study by Santos and colleagues, 40 patients admitted to emergency department with a diagnosis of sepsis at any stage received early echocardiographic assessment. The authors found that patients with septic shock showed significantly lower e 0 values when compared with those with sepsis. The progressive increase of E/e 0 ratio was even more significant when comparing patients with sepsis vs severe sepsis vs septic shock (P¼0.001 for all comparisons). In this study, the commonly adopted cut-offs of e 0 (<8 cm s -1
) and E/e 0 (ratio >8) clearly differentiated septic patients with higher severity scores. 40 This finding supports a progressive deterioration of LV diastolic function with evolving septic stages, although a smaller study did not find a significant difference between sepsis and severe sepsis/septic shock. 44 More research into the evolution of LVDD during episodes of sepsis is needed. Both TDI variables can be easily and rapidly assessed and their utility is not only prognostic. For instance, low e 0 values
and high E/e 0 ratio are not only reliably associated with LVDD, but their variation has been correlated with fluid responsiveness; in particular, a higher increase of e 0 velocity has been shown in fluid-responsive septic patients, whereas a greater variation of E/e 0 has been noted for patients with no fluid responsiveness. 50 Such a finding is not surprising; for instance, E/e 0 ratio strongly correlates to LAP 16 and an already increased LAP should warrant caution on further volume expansion. More evidence is needed before recommending routine TDI assessment of diastolic function as a clinical tool for indicating volume expansion, but this approach is attractive for its reproducibility and ease of use. Diastolic dysfunction may continue to have an effect on patient recovery after the acute septic episode has attenuated. Three studies described the utility of E/e 0 for the identification of patients at high risk of weaning failure, [51] [52] [53] showing that impaired diastolic function delays separation from the ventilator and raises the possibility that it may also contribute to late ICU and in-hospital death.
Patients with LVDD are likely to have impaired LV filling, which progressively relies on maintenance of preload, avoidance of tachycardia and significant arrhythmias. The septic process causes sequential disturbances at these levels. Septic patients are relatively hypovolemic because of vasoplegia and increased capillary permeability and higher venous capacitance. In fact, the recommended first-line therapy for the treatment of sepsis is to restore preload. 21 Tachycardia further worsens LV filling, mainly by a disproportionally reduced diastolic time. Although healthy individuals compensate by accelerating the LV relaxation process (frequency-dependent acceleration of relaxation), 54 this process is impaired during sepsis. 55 Furthermore, sepsis is independently associated with newonset atrial fibrillation, 56 which in turn worsen LV filling by eliminating atrial contraction. With such a background, it is interesting to interpret the beneficial effects of esmolol infusion in septic shock patients, 57 where authors found a significant improvement in cardiac performance, lower inotropic requirements and higher survival in the group treated with esmolol. Both the negative chronotropic and the anti-arrhythmic effects of selective beta-blockade may have positively influenced the LV diastolic function of these patients. However, it should be noted that almost half of the population received levosimendan, 58 which has positive effects on LVDD, 59 and that authors did not present any echocardiographic data. On the other hand, the same group of authors recently showed an improved LV filling pattern and ventriculo-arterial coupling after esmolol infusion in septic patients. 60 We also know that in patients with isolated diastolic heart failure (HF) diastolic function improves with beta-blockade treatment. 61 The TDI variables have been also used in the paediatric population for assessing LVDD. One study found an incidence of LVDD of 50% among children with septic shock, 62 although a standardized definition of LVDD is still missing. The study reported a mortality below 7%, thus the association between myocardial dysfunction and mortality should be investigated by larger studies before making any firm conclusion. The findings of our study are consistent with the significance of LVDD in other clinical settings. It has been found that in patients presenting to the hospital with pulmonary oedema and hypertension, up to 50% have unchanged systolic function during and after the acute episode. 63 Similarly, the incidence of isolated LVDD may be higher than 50% in patients hospitalized for heart failure. 64 Redfield and colleagues 65 showed that LVDD was up to five times more frequent than LV systolic dysfunction (28% vs 6%, respectively) in patients aged 45 or older; moreover LVDD was a strong predictor of mortality with a hazard ratio ranging from 8.3 (mild LVDD) to 10.2 (at least moderate LVDD). Determination of the presence of LVDD is also crucial during preoperative assessment. In cardiac surgery patients, it correlates with prolonged weaning from cardiopulmonary bypass 66 and higher postoperative inotropic requirements. 67 In patients undergoing major vascular surgery, isolated LVDD is more frequent than isolated LV systolic function (43% vs 8%, respectively) and, importantly, LVDD is an independent predictor of postoperative HF and prolonged hospital stay, 68 and it is associated with postoperative adverse cardiovascular events and long-term cardiovascular mortality. 69 
Strengths and limitations
One strength of our meta-analysis is the inclusion of very recent studies, most of them published within the last four years; the results were also unchanged by the post hoc analysis, which excluded three relatively older papers (2007, 2008, 2010) . 31 41 45 Another strength is that we have increased the sample size by contacting authors in order to get more data (see the Acknowledgments section). Our study is timely, as the very recent changes in the international consensus on sepsis definition is likely to change the characteristics of this cohort of patients, which may introduce a selection bias in future metaanalysis.
Another strength of this meta-analysis is that it did not rely on variable definitions of LVDD as did our previous meta-analysis.
11 12 The present analysis included a greater number of patients and studies, and its results were confirmed by the sensitivity analyses. Other strengths are the absence of publication bias according to Egger's test, although a significant statistical heterogeneity was seen in the overall tests, and another element of clinical heterogeneity is present as some studies may have included only specific subpopulations of septic patients (i.e. oncological patients 37 ). This study has several limitations. First of all, our study suffered from the absence of a multivariate analysis in the included studies, likewise the meta-analysis explored the association between LVDD and mortality in the same target population. 11 12 We were unable to perform a combined analysis of e 0 and E/e 0 as values were provided separately in all of the studies. Another limitation is the difficulty to diagnose LVDD in the ICU according to the recent guidelines, 13 and we must acknowledge that it is not possible to determine the influence of age and comorbidities on LV diastolic function. Our analyses are not adjusted for the confounding effect of other haemodynamic factors such as the use of inotropes/vasopressors and the volume of fluid resuscitation, as TDI assessment was not systematically reported according to such variables. In addition, no study provided a sub-analysis of data according to mechanical ventilation; a variable likely to influence myocardial relaxation and transmitral flow, especially in case of high intra-thoracic pressure. Furthermore, none of the studies differentiated patients with pulmonary sepsis from those with extra-pulmonary cause of sepsis. Another limitation is that the observational studies included in the analyses do not determine LV diastolic function before the development of severe sepsis or septic shock. Therefore, although some evidence suggests worsening TDI values with the progression of sepsis, 40 optimal studies should include echocardiographic data prior to the onset of septic disease. We do not fully understand whether it is the direct toxic effect of sepsis on the myocardium causing the problem, or whether it is the compensatory pathophysiological alterations, or the effect of treatments on previously impaired myocardial relaxation. Timing of echocardiographic examination differed among studies (Table 2 ) and this may further increase the variability of our findings. We tried to account for this variability conducting a secondary analysis excluding four studies conducting a very early assessment 28 40 45 or a late evaluation. 43 This analysis did not alter the results of the primary outcomes. It is worth mentioning that four of the 31 sensitivity analyses conducted with 'leaving-one-out' at time approach showed a change of the primary results (lower e 0 values showed only a trend towards increased mortality). We believe that in one case the reason is a lower statistical power of the analysis (exclusion of the largest study with a decrease of over 260 patients). 34 The other three studies 33 
Conclusions
In patients with severe sepsis or septic shock, both lower e 0 and higher E/e 0 ratio showed a strong association with mortality.
The values measured at the lateral mitral annulus seem to have a stronger association with outcome when compared with septal values, but the reasons for this are not clear and this finding needs to be further elucidated by prospective well-conducted studies. This study adds relevance to the growing evidence of adverse prognosis in patients with diastolic dysfunction.
